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Development of a novel plaque reduction
neutralisation test for hantavirus infection

Michelly de Padua, William Marciel de Souza, Flavio Lauretti, Luiz Tadeu Moraes Figueiredo/*
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In the Americas, hantaviruses cause severe cardiopulmonary syndrome (HCPS) with a high fatality rate. Han-
tavirus infection is commonly diagnosed using serologic techniques and reverse transcription-polymerase chain
reaction. This paper presents a novel plaque reduction neutralisation test (PRNT) for detecting antibodies to Bra-
zilian hantavirus. Using PRNT, plaque detection was enhanced by adding 0.6% of dimethyl sulfoxide into the over-
lay culture medium of the infected cells. This procedure facilitated clear visualisation of small plaques under the
microscope and provided for easy and accurate plaque counting. The sera from 37 HCPS patients from the city of
Ribeirdo Preto, Brazil was evaluated for the Rio Mamoré virus (RIOMV) using PRNT. Six samples exhibited neu-
tralising antibodies; these antibodies exhibited a low titre. The low level of seropositive samples may be due to fewer
cross-reactions between two different hantavirus species, the patients were likely infected by Araraquara virus (a
virus that has not been isolated) and RIOMYV was used for the test. This assay offers a new approach to evaluating
and measuring neutralising antibodies produced during hantavirus infections and it can be adapted to other hanta-
viruses, including viruses that will be isolated in the future.
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Hantavirus is a genus of the family Bunyaviridae; the
viruses in this genus are enveloped negative-sense RNA
viruses. The viral genome contains three segments, in-
cluding a large segment (L) that encodes the viral RNA
polymerase, a medium segment (M) that encodes two
envelope glycoproteins (Gn and Gc) and a small segment
(S) that encodes the viral nucleocapsid protein (N) as
well as a small nonstructural protein that has been de-
scribed in certain species, such as the Tula, Puumala and
Andes viruses (Schmaljohn & Nichol 2007, Jonsson et
al. 2010, Vera-Otarola et al. 2012).

Hantaviruses are transmitted to humans mainly
through inhaling aerosolised excreta and secretions of
infected rodents or through direct contact with the secre-
tions (Jonsson et al. 2010). Additionally, human-to-hu-
man transmission of the Andes hantavirus was reported
in Argentina and Chile (Padula et al. 1998, Martinez
et al. 2005, Martinez-Valdebenito et al. 2014). Human
infections by hantaviruses can produce fever that can
be differentiated into two types of disease: haemor-
rhagic fever with renal syndrome, which is more widely
described in Europe and Asia and cardiopulmonary
syndrome (HCPS), which is typically restricted to the
Americas (Clement et al. 2014, Figueiredo et al. 2014).

South America includes four hantavirus species (the
Andes, Rio Mamoré, Laguna Negra and Cano Delgadito
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viruses) with more than 30 variants responsible for ap-
proximately 4,000 HCPS cases. This severe disease pro-
duces rapid onset of respiratory failure and cardiogenic
shock. Hantaviruses are an important emerging problem
for public health in South America. Urban areas, agri-
culture and cattle-raising have generated invading eco-
systems containing most of the Sigmodontinae rodent
species that act as hantavirus reservoirs (Figueiredo et
al. 2014, Souza & Figueiredo 2014). As a result, Brazil
has the highest number of HCPS cases in the Americas
at approximately 2,000. Nonetheless, asymptomatic or
oligosymptomatic hantavirus infections may occur in a
higher number than in HCPS cases. Additionally, many
HCPS cases may not be correctly diagnosed or may re-
main undiagnosed (Figueiredo et al. 2014).

In Brazil, laboratories diagnose hantavirus infection
using serology (ELISA) and molecular methods [poly-
merase chain reaction preceded by reverse transcrip-
tion (RT-PCR)] (Moreli et al. 2004, Figueiredo et al.
2008, 2009a, Machado et al. 2013). Additionally, other
serological methods can be used for diagnosis, such as
Western blot and immunofluorescence (Figueiredo et
al. 2014). Neutralisation assays, which are the most spe-
cific serologic tests, are not commonly used for a routine
hantavirus infection diagnosis because are the tests are
laborious and demand biosafety level (BSL)-3 laborato-
ries to handle the virus. However, neutralisation tests are
useful for identifying the infecting hantavirus and are
included in the four criteria of the International Com-
mittee on Taxonomy of Viruses (ICTV) to delineate and
characterise a new species (Jonsson et al. 2010, Plyusnin
et al. 2012). Currently, a range of neutralisation assays
are available for hantaviruses, such as a peroxidase-
anti-peroxidase system, chemiluminescent substrates,
quantitative RT-PCR and microplaques (Tanishita et al.
1984, Niklasson et al. 1991, Heider et al. 2001, Maes et



al. 2009). However, the assays are limited to the hantavi-
ruses from Asia, Europe and in the Americas, which are
restricted to the hantaviruses Andes, Sin Nombre and
Choclo (Bharadwaj et al. 2000, Valdivieso et al. 2006,
Nelson et al. 2010). In Brazil, neutralisation assays are
not available for hantaviruses, likely because a local
hantavirus has not been isolated. Thus, the aim of the
present paper is to evaluate a novel assay for detecting
and quantifying neutralising antibodies in patients in-
fected by a hantavirus in Brazil.

SUBJECTS, MATERIALS AND METHODS

Serum samples, ELISA and RT-PCR - We analysed
the samples using a neutralisation test; we used serum
samples from 37 patients from the city of Ribeirdo
Preto, state of Sdo Paulo, Brazil with HCPS previously
confirmed through positive IgM or a high IgG titre in
ELISAs using a recombinant N protein from Araraquara
virus (ARAQV) as the antigen (Figueiredo et al. 2008,
2009a). Additionally, in 27 of the samples, the ARAQV
genome was amplified using RT-PCR (Moreli et al.
2004). An infection by ARAQV was confirmed in these
patients through sequencing the amplicons containing
264 nucleotides from the viral S segment.

Virus culture - The Rio Mamor¢ virus (RIOMV)
strain HTN-0007 was kindly provided by Dr Robert E
Shope from the University of Texas Medical Branch, at
Galveston. The virus was grown in Vero-E6 cells (Af-
rican green monkey kidney) and maintained in Eagle’s
minimum essential medium (EMEM) supplemented
with 10% heat-inactivated foetal bovine serum, 50 mg/
mL of gentamicin and 2 mg/mL of amphotericin B (Vit-
rocell, Brazil). The cells infected with RIOMV were cul-
tivated for 14 days at 37°C with 5% CO,. Tissue culture
medium obtained from flasks containing infected cells
was aliquoted as a viral stock and stored at -70°C.

Plaque (microplaque) assay - The plaque assays (mi-
croplaques) were performed after the Vero-E6 cell colo-
nies were incubated for 48 h at 2 x 10° cells per well in
24-well plates. We added 150 pL per plate well of decimal
serial dilutions (10-10-%) using the RIOMYV stock to the
Vero-E6 colonies in duplicate. The microplates were al-
lowed to adsorb for 1 h at 37°C with 5% CO, and were
gently rocked every 15 min. After adsorption, each well
was overlaid with 1 mL of a medium-viscosity medium
containing 1.5% of carboxymethylcellulose sodium (Sig-
ma-Aldrich, Germany) in EMEM supplemented with 1.5%
of foetal calf serum and 0.3-1.5% of dimethyl sulfoxide
(DMSO) (Sigma-Aldrich). The plates were incubated for
13 days at 37°C with 5% CO,. After incubation, the cell
monolayers were rinsed and fixed with a 10% buffered
formalin solution for 1 h at room temperature and under
constant agitation. Uninfected cells were fixed and used as
negative controls. The plates infected with RIOMV were
handled in a BSL-3 laboratory. The fixed cell monolay-
ers were stained using a naphthalene black solution (0.1%
naphthol blue-black, 6% glacial acetic acid and 1.36% so-
dium acetate) under constant agitation for 1 h.

Finally, the microplaques in the cell monolayers
were counted under a microscope. The RIOMV stock
titre was calculated as plaque-forming units (PFUs) per
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millilitre using the following formula: viral titre (PFU/
mL) = number of microplaques x dilution factor/volume
of virus or virus-serum-mixture per well.

Plaque (microplaque) reduction neutralisation test
- Heat-inactivated serum specimens (56°C for 30 min)
were diluted two-fold (1:10-1:160) with EMEM and 250
pL of each serum dilution was mixed to the same vol-
ume of a solution containing 100 PFU of RIOMV. We
also mixed serum from healthy individuals who were
negative for hantavirus antibodies with the virus, which
was used as a negative control in the assay. Tubes con-
taining the mixtures were incubated for 1 h at 37°C to
allow the neutralising antibodies to bind with the virus.
Thereafter, 250 pL of the virus-serum mixture was add-
ed to the wells in duplicate and the plate was incubated
for 1 h. Next, the virus-serum mixtures were removed
and the wells were rinsed in phosphate-buffered saline
(PBS). Two wells containing only culture medium were
used as negative controls and two other wells were inoc-
ulated with 100 PFU of RIOMV as positive controls. The
plates were incubated at 37°C with 5% CO, and gently
rocked every 15 min for 1 h. Thereafter, each well was
overlaid with 1 mL of the semi-solid overlay medium
used for the microplaque assay and the cell monolayers
were incubated for 13 days at 37°C in a CO, incubator, as
mentioned above. Next, the cell monolayers were stained
with naphthalene black, as described above. A neutralis-
ing antibody titre was defined as the maximum serum
dilution that inhibited 50% of microplaque formation by
RIOMYV in the cell monolayer (Yu et al. 2013).

RESULTS

Virus microplaques were not observed either with-
out using DMSO or using 0.3% of DMSO in the cell
culture medium. Using 0.6% and 0.8% of DMSO, the
microplaques in the cell monolayer were visible 13 days
after infection. Using 1% DMSO, we observed increased
destruction of the cell monolayer and the microplaques
became impossible to distinguish. Concentrations of
1.5% DMSO or higher promoted considerable destruc-
tion of the cell monolayer, likely due to a toxic effect.
Based on these results, we used 0.6% as the DMSO con-
centration in the medium-viscosity overlay medium.

Under the microscope, microplaques with an average
size of 328 um (+ 94 um) and an irregular border were
used to determine the RIOMYV titre of our stock as 6.6 X
10° PFU/mL (Figure).

Neutralising antibodies against RIOMV were ob-
served in 16.21% (6/37) of the patient sera. Neutralising
antibody titres ranged from 10-80. The titre of the neu-
tralising antibodies could not be correlated with evolu-
tion (survival or death) of the patients, as shown in Table.
Additionally, the neutralising antibody titres could not be
correlated with the titres obtained using IgG-ELISA and
the N recombinant antibody of ARAQV as an antigen.
For example, the serum from one fatal HCPS case (pa-
tient 9) (Table) exhibited a 6,400 titre in the IgG ELISA,
but exhibited only a 40 titre in the neutralisation test.

DISCUSSION

In cell culture, hantavirus infection typically yields a
slow cytopathic effect that also reduces plaque production
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Microplaques formed in Vero-E6 cell infected by Rio Mamoré virus with addition of dimethyl sulfoxide 0.6% in medium-viscosity overlay

medium. Shown in 40X (A) and 1,000X (B).

(Markotic et al. 2003). In the present study, we adapted a
treatment for virus-infected cells using DMSO,; this treat-
ment has been indicated as capable of increasing the size
and number of plaques in virus-infected cell monolayers
(Hughes 1993). Therefore, we found that adding 0.6% of
DMSO to the medium-viscosity overlay enhances mi-
croplaque formation in Vero-E6 cell cultures infected by
hantavirus (RIOMV), which facilitates clear visualisa-
tion of these microplaques under the microscope.

It is a known difficulty to adapt wild hantavirus to cell
culture. In certain cases, the virus is lost after three or four
passages, which occurred using ARAQV in our laboratory
(Kallio et al. 2006). Thus, we used RIOMV, which is a
virus that is well-adapted to Vero-E6 cell culture for use in
the plaque (microplaque) reduction neutralisation test.

RIOMYV was first described in Bolivia in 1996 and
was associated with the Oligoryzomys microtis rodent
(Bharadwaj et al. 1997). RIOMYV was also isolated from
O. microtis in Peru and two strains of the virus were
observed in the Brazilian Amazon and infected the same
rodent as well as Oligoryzomys sp. RIOMV-producing
HCPS has recently been described in Peru (2 cases) and
in French Guiana (1 case produced by the variant Maripa
virus) (Figueiredo et al. 2014). A human fatal disease in-
volving RIOMV was recently reported in Brazil (Car-
valho de Oliveira et al. 2014).

ARAQV was first observed in a fatal HCPS case from
the city of Araraquara in 1995. ARAQV is harboured
by Necromys lasiurus, which is a rodent that lives in re-
gions of Brazilian Cerrado (a savannah-like ecosystem)
(Suzuki et al. 2004). ARAQV is the most virulent hanta-
virus in Brazil and causes HCPS with an approximately
50% case-fatality rate in the southeastern region as well
as in the central plateau (Figueiredo et al. 2014). Serum
samples analysed in the present study were collected
from patients that were likely infected by ARAQV.

To detect hantavirus-neutralising antibodies, we de-
veloped a test that considers the ability of serum to re-
duce the number of microplaques by 50%. Other authors
have successfully reduced plaques against hantaviruses
by 50% (Yu et al. 2013). Hantavirus-neutralising anti-

bodies can be observed earlier than 10 days after infec-
tion and are commonly present at the onset of a hantavi-
rus disease (Horling et al. 1992). Using our microplaque
reduction neutralisation test for RIOMYV, we identified
these antibodies in 16.2% of the tested sera. The low
level of positivity in samples that were previously diag-
nosed through ARAQV genome amplification using RT-
PCR (73%) and by IgG or IgM-ELISAs using ARAQV
(all samples) was likely due to ARAQV antibodies cross-
reacting with RIOMV; this inconsistency was only pres-
ent in six samples (Figueiredo et al. 2009b).

As previously demonstrated, ARAQV induces a
mixed T-helper (Th)1/Th2 strong immune response dur-
ing the course of HCPS and the magnitude of the Thl
response effector cytokines is correlated with disease
severity (Borges et al. 2006). However, protection mark-
ers that clearly relate to disease survival are not well-
known. Previous work has shown that a neutralising
antibody immune response confers protection from dis-
ease severity by the Andes virus in animals (Custer et al.
2003). Previous work has also shown that high neutralis-
ing antibody titres correlate with less severe HCPS cases
(Bharadwaj et al. 2000). Neutralising antibodies spe-
cifically bind to certain extracellular hantavirus protein
epitopes and impair infection of its target cells, which
also reduces the level of free virus (Borges et al. 2006,
Easterbrook & Klein 2008, Kruger et al. 2011). Thus, the
level of hantavirus-neutralising antibodies may suggest
HCPS prognoses in addition to discerning the infecting
virus. However, we did not observe a correlation between
patient prognosis and neutralising antibody titres in the
present study and fatal cases showed the same neutralis-
ing antibody titre as the survivors. The lower number
of studied cases may have influenced our results. More-
over, we could not obtain information on the infecting
virus because patients were infected by ARAQV and the
virus used in the neutralisation test was RIOMV.

In our study, low neutralising serum titres were ob-
served in all six positive sera (a titre of 80 or less). This
result is consistent with previously observed titres in
survivors of hantavirus infections with the Andes and
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TABLE

Comparison of neutralising and nonneutralising antibody titres with IgG titre detection of genome by
reverse transcription-polymerase chain reaction (RT-PCR) and status of disease

Patient ID RT-PCR ELISA 1gG titre Death Neutralisation
1 Positive IgG 12,800 No None
2 Positive IgG 12,800 No None
3 Positive 1gG 12,800 No None
4 Positive 1gG 6,400 No 40
5 Positive IgG 12,800 No None
6 Positive IgG 6,400 No 20
7 Positive IgG 1,600 No None
8 Positive 1gG 3,200 No None
9 Positive 1gG 12,800 No 40
10 Positive IgG 12,800 No None
11 None 1gG/IgM 3,200 No None
12 None 1gG/IgM 6,400 No None
13 Positive 1gG/IgM 400 Yes None
14 Positive 1gG/IgM 12,800 No None
15 None 1gG 12,800 No 80
16 None IgG 1:400 No None
17 Positive 1gG/IgM 3,200 No None
18 Positive 1gG/IgM 3,200 No None
19 Positive 1gG/IgM 6,400 No None
20 None 1gG 100 No None
21 None IgG 6,400 No 40
22 None 1gG/IgM 100 No None
23 Positive 1gG/IgM 12,800 No None
24 Positive 1gG/1gM 12,800 Yes None
25 Positive 1gG/IgM 800 No None
26 Positive 1gG/IgM 6,400 No None
27 None IgG 400 No None
28 Positive 1gG/IgM 400 Yes None
29 Positive 1gG/IgM 200 No None
30 Positive IgG 400 No None
31 Positive 1gG 400 Yes None
32 Positive IgG 6,400 Yes 40
33 None 1gG/IgM 1,600 No None
34 Positive 1gG/IgM 6,400 Yes None
35 None 1gG/IgM 800 No None
36 Positive 1gG/IgM 1,600 No None
37 Positive 1gG 400 No None

Sin Nombre viruses, where high neutralising-antibody
titres against the hantavirus predominant in each region
were observed and titres lower than 100 were observed
through cross-reaction neutralisation for other species of
hantavirus (Valdivieso et al. 2006). Furthermore, neu-
tralising antibodies compose a small proportion of the
antibodies against hantavirus in HCPS patients. More-
over, RIOMV belongs to a different species of ARAQV
than the virus that infected our patients.

Herein, we showed the development and evaluation of
a microplaque reduction neutralisation test for RIOMV
that can detect and quantify hantavirus-neutralising an-
tibodies in patient sera. This assay could be used to di-
agnose infection, in pathogenesis studies and to analyse

antiviral drugs. Additional studies using ARAQV or an-
other genotype adapted to cell culture are necessary to
detect neutralising antibodies against hantaviruses that
cause HCPS in Brazil and in other South American coun-
tries (Figueiredo et al. 2009b, Souza et al. 2011, 2012).
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